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I. 
INTRODUCTION AND SUMMARY 

This r e p o r t  under Contract No. MASr-41, "Effec ts  of Simulated 

Space Environments on t h e  V i a b i l i t y  of Microorganisms, 'I National  

Aeronautics and Space Administration, Washington, D o  C, , summarizes 

t h e  experiments conducted during t h e  pe r iod ,  January 16 through 

A p r i l  15, 1963. The program w a s  a j o i n t  e f f o r t  of Nat ional  Research 

Corporation and t h e  Department of N u t r i t i o n  and Food Sc ience ,  

c h u s e t t s  I n s t i t u t e  of Technology, Cambridge, Massachusetts. 

Massa- 

During t h i s  r e p o r t  per iod  work w a s  performed i n  t h r e e  genera l  

areas of i n t e r e s t ,  

vacuum exposure were s t u d i e d  i n  continuing experiments w i th  organisms 

i s o l a t e d  from Mohave Desert soils. Stud ies  of t h e  combined effects 

of gamma r a d i a t i o n  and u l t r a h i g h  vacuum on s e l e c t e d  microorganisms 

were resumed i n  an improved vacuum system. A modified u l t r a v i o l e t  

r a d i a t i o n  system has been developed and t e s t e d  t o  permit s t u d i e s  

The combined e f f e c t s  of thermal and u l t r a h i g h  

a t  lower u l t r a v i o l e t  i n t e n s i t i e s  

VACUUM T H E W  EFFECTS OF DESERT SOIL EXPERIMENTS 

The program i n  which organisms are being recovered from Mohave 

Desert s o i l s  af ter  exposure t o  u l t r ah igh  vacuum a t  e l eva ted  tempera- 

t u r e s  w a s  continued. S ix  1-gram s o i l  samples w e r e  sub jec t ed  t o  a 

p res su re  of about 6 x l o m 9  t o r r  and a temperature of 170°C f o r  4.5 

days. The aerobic  and anaerobic mesophilic and thermophil ic  orga- 

nisms which survived chis treatment were determined q u a n t i t a t i v e l y .  
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The d i s t r i b u t i o n  of organisms recovered w a s  as fol lows:  

Bacter ia  Molds A;;tom;n;es 
(per gram) (per  gram) 

Mesophilic aerobes 22 

Thermophilic aerobes 1 

Mesophilic anaerobes 3 

Thermophilic anaerobes 5 

14 

0 

-- 

The forty-one ae rob ic  i s o l a t e s  from this experiment were p laced  

on g l a s s  f i l t e r s  and maintained a& 120°C a t  atmospheric p re s su re  f o r  

3 hours .  The f i l t e r s  were then p l a t e d  by means of t h e  impressing tech-  

nique descr ibed i n  t h e  previous r epor t .  Only f ive b a c t e r i a l  c u l t u r e s  

surv ived  t h i s  t rea tment ,  It would appear t h a t  i n  s p i t e  o f  apparent  

hea t  r e s i s t a n c e  when i~ coneact W ~ S L  ~ ~ i l  i n  vacuum, it does no t  

n e c e s s a r i l y  fo l low t h a t  unpro$ecced organisms would approach t h e  same 

level of thermal resislrance. 

COMBINED EFFECTS OF GAMMA IRRAQIATIOM AND ULTRAHIGH VACUUM EXPOSURE 

A series of experiments is i n  p rogress  in which spores  o f  

Bac i l lu s  s tearothermophilus ,  go megater iml ,  - R. s u b t i l i s  var. n i g e r ,  

Clostridium sporogenes, and Aspergi l lus  n i g e r  are exposed t o  an u l t r a -  

high vacuum of t h e  order  of 2 x 

then  i r r a d i a t e d  with var ious  d0sagea of Co60 g a m a  rays .  

Itom f o r  a 5 day pe r iod  and are 

In  t h e  s t u d i e s  completed, one set  of samples w a s  i r r a d i a t e d  whi le  

s t i l l  under vacuum and a second se t ,a f te r  evacuat ion f o r  f i v e  days, 

w a s  i r r a d i a t e d  a f t e r  veneing to atmospheric p re s su re  wi th  dry a i r .  
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A t h i r d  set of samples w a s  he ld  i n  a des i cca to r  without  evacuat ion 

f o r  t h e  same pe r iod  of time and w a s  then  i r r a d i a t e d .  

In  car ry ing  out  t h e  vacuum exposures, g l a s s  f i l t e r s  cofitaining 

spores  were supported i n  g l a s s  tubes which were connected t o  a common 

UMV pumping system, 

tached  d i r e c t l y  t o  each exposure tube s o  t h a t  t h e  p re s su re  i n  each 

tube  could be determined ind iv idua l ly  a t  any t ime,  

A hot  fi lament UHV i o n i z a t i o n  gauge w a s  a t -  

In  earlier experiments t h e  imdividual exposure tubes  were a t -  

tached t o  t h e  cornon pumping system through a g l a s s  manifold. 

t h e  end of t h e  vacuum exposure per iod t h e  ind iv idua l  exposure tube$ 

were removed from t h e  g l a s s  manifold f o r  t r a n s p o r t  t o  t h e  i r r a d i a t -  

i ng  f a c i l i t y .  Removal. w a s  accomplished by hea t  s e a l i n g  whi le  tubes 

and manifold were under vacuum, Pressures  i n  t h e  ind iv idua l  ex- 

posure tubes  r o s e  from t h e  low IOm9 t o r r  range be fo re  hea t  s e a l i n g  

t o  t h e  high 

A t  

torr range a fce r  hea t  s e a l i n g .  

The experiments descr ibed io. this r e p o r t  w e r e  performed i n  an 

improved system which e l imina tes  t h e  outgassing and consequent 

p re s su re  rise a t t end icg  h e a t  s ea l ing .  In t h e  improved system each 

ind iv idua l  exposure tube i s  a t tached  to t h e  cornon pumping system 

through two u l t r a h i g h  vacuum valves in s e r i e s .  The tubes  are 

thoroughly baked under vacuum p r i o r  t o  loading of t h e  samples. 

t h e  end of t h e  vacuum exposure period an ind iv idua l  exposure tube 

i s  remcwed from t h e  comon pumping system by c l o s i n g  both valves 

and disconnect ing Lhe valves a t  t h e i r  common f l ange .  

t h e  ind iv idua l  tubes when loaded wi th  s i x  samples, r o s e  from t h e  

low 10’’ t o r r  range before  valve c losu re  t o  t h e  middle loe8  t o r r  

A t  

Pressures  i n  
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range o r  less a f te r  valve c losure .  

c o n s i s t i n g  of t h e  sample exposure tube ,  t h e  u l t r a h i g h  vacuum gauge, 

and t h e  u l t r a h i g h  vacuum valve ,  i s  t r anspor t ed  t o  t h e  Co60 f a c i l i t y  

where it i s  exposed t o  gamma rad ia t ion .  

The evacuated sample assembly, 

S a t i s f a c t o r y  experiments have been completed a t  50,000, 100,000 

and 200,000 r ads  gamma r a d i a t i o n .  The complete data t a b u l a t i o n  w i l l  

be included i n  a f u t u r e  r e p o r t  so t h a t  r e s u l t s  a t  a p a r t i c u l a r  

r a d i a t i o n  dose w i l l  be considered i n  t h e  context of t h e  o v e r - a l l  

experiment. 

IMPROVEMENT OF THE ULTRAHIGH VACUUM ULTRAVIOLET EXPOSURE SYSTEM 

Ear ly  work on t h e  v i a b i l i t y  of microorganisms exposed t o  u l t r a -  

v i o l e t  r a d i a t i o n  i n  u l t r a h i g h  vacuum r e s u l t e d  i n  e s s e n t i a l l y  complete 

m o r t a l i t y  €or even shore u l t r a v i o l e t  exposure t i m e s .  Consequently, 

t h e  u l t r a v i o l e t  source has been modified t o  reduce i t s  imtens i ty  t o  

a more s u i t a b l e  va lue .  A Gemeral Electric mercury germic ida l  lamp, 

type G15T8, w a s  used as t h e  r a d i a t o r .  

of t h i s  lamp are c o i l e d  f i laments  which i n  normal opera t ion  wi th  a 

s t anda rd  lamp b a l l a s t  are heated by t h e  cu r ren t  passing through t h e  

mercury vapor. Attempts t o  reduce t h e  i n t e n s i t y  of t h e  lamp's out-  

pu t  by reducing t h e  cu r ren t  passing through t h e  vapor w e r e  no t  

s u c c e s s f u l  because t h e  temperature of t h e  e l e c t r o d e s  dropped below 

t h e  value necessary t o  maintain t h e  discharge.  

The e l e c t r o d e s  a t  each end 

By using f i lament  transformers t o  hea t  t h e  two end f i l amen t s  

so t h a t  t h e i r  temperature i s  not a primary func t ion  of  t h e  c u r r e n t  
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pass ing  through t h e  vapor,  and by p u t t i n g  a v a r i a b l e  inductor  i n  

series wi th  t h e  lamp b a l l a s t  so t h a t  t h e  c u r r e n t  pass ing  through 

t h e  mercury vapor can be con t ro l l ed ,  it is  p o s s i b l e  t o  reduce t h e  

i n t e n s i t y  of t h e  lamp output  considerably.  A reduct ion  from 1000 

t o  60 microwatts per  square centimeter w a s  achieved i n  t h i s  manner. 

A f u r t h e r  reduct ion  t o  20 microwatts pe r  square cent imeter  w a s  

r e a l i z e d  by in te rpos ing  a w i r e  mesh sc reen  between t h e  source and 

t h e  sample. The modified source w i l l  be ready f o r  use as soon as 

dosimetry c a l i b r a t i o n s  have been completed. 

FUTURE WORK 

Gamma r a d i a t i o n  experiments w i l l  be continued a t  low and high 

r a d i a t i o n  doses i n  order  t o  demonstrate d i f f e rences  i n  r ad iosens i -  

t i v i t y  a s s o c i a t e d  w i t h  t h e  extent  t o  which t h e  spores  have been d r i e d  

and wi th  t h e  p re s su re  of t h e  atmospheric environment. 

The improved u l t r a h i g h  vacuum u l t r a v i o l e t  exposure system w i l l  

be c a l i b r a t e d .  As soon as these dosimetry c a l i b r a t i o n s  have been 

completed, a series of experiments w i l l  be s t a r t e d  t o  determine t h e  

s e n s i t i v i t y  range t o  u l t r a v i o l e t  r a d i a t i o n  of  s e l e c t e d  microorganisms. 
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